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Sporozoite surface protein 2 (SSP2) is a 140-kDa, proteclive sporozoile surface protein from Plasmodium yoelii distinct
from the circumsporozoite protein (CSP). A genomic clone containing the SSP2 gene was isolated and sequenced to determine
its size, structural organization and deduced primary amino acid sequence. The coding sequence consists of a single. long open
reading frame encoding 826 amino acids. The overall structure of SSP2 is similar to that of the CSP, consisting of a central
region of immunogenic amino acid repeats flanked by non-repetitive sequence. SSP2 has one copy of a thrombospondin
repeat motif in common with several cell adhesion molecules as weli as with the CSP and the thrombospondin related
anonymous protein (TRAP) of P. fulcipurum. Additionally, SSP2 shares substantial sequence similarity 10 TRAP, suggesting
that TRAP is the analogue of SSP2 in P. fulciparum.
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Introduction to the CSP [2-6]. Monoclonal antibodies
(mAbs) [7,8.10] and cytotoxic T cells [9]

Efforts to develop a pre-erythrocytic stage directed against the CSP are protective in
malaria vaccine have focused almost entirely passive transfer. Nonetheless, it has not been
on the circumsporozoite protein (CSP)(1]. The possible to induce active immunity with
CSP is the predominant protein on the surface recombinant or synthetic vaccines based on
of the infective malaria sporozoite. It is well the CSP alone [8,11-17] comparable to that
known that immunization of humans or achieved by immunization with irradiated
animals with radiation attenuated sporozoites sporozoites. We have therefore attempted to
induces solid sterile immunity to malaria and idc.tify additional sporozoite surface antigens
both humoral and cellular immune responses which might be combined with the CSP in a

multicomponent vaccine. We recently descri-
Correspondence address: William O. Rogers, Malaria Pro- de a ncw sporozoite 'surfacc anuigen, sporo-
gram Naval Medical Research Institute Bethesda, MD 20889- zoite surface protein 2 (SSP2), from
3035, USA. Tel.: (301) 2951776, Fax: (301) 295-6171. Plasmodium yoelii [5,18). Monoclonal antibo-
dies directed against SSP2 recognize a 140-kDa
protein in sporozoite extracts. Sequence ana-
Egypt - .

lysis of a 1.5-kb genomic DNA [ragment
Note: Nucleotide sequence data reported in this paper have encoding part of SSP2 revealed an immuno-
been submitted 10 the GenBank™ data base with the accession genic series of repeating amino acids and a
numbers M84732 and M24733. . region of similarity to the region Il domain of
Abbreviations: CSP, circumsporozoite protein; TRAP, throm- the CSP {1]. Mice immunized with P815 mouse

bospondin-related anonymous protein; mAb, monoclonal mas!ocytoma transfectants expressing the
antibody. partial SSP2 scqucncc and the CSP were
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protected against  challenge  with infective
sporozoites [19]. We report here the character-
ization of a genomic clone containing the
complete SSP2 gene.

Matcrials and Mecthods

Puarasites and DNA isolation.  P. yoelii 17X
(NL) parasites were maintained and DNA
isolation performed as described previously
[20}).

Genomic library construction and screening. A
P. yoelii genomic library was constructed using
2.0-7.0-kb fragments generated by partial
DNAse I digestion as previously described
[18]. Purified insert DNA from :gMSY4 was
nick translated and used to screen the library
under standard high stringency conditions [21].
Five positive clones were isolated, and one,
+PySSP2.10 was found to contain a 4.7-kb
insert which overlapped both ends of igMSY4.

DN 4 sequencing.  Phage DNA of ~PySSP2.10
was prepared from liquid lysates by standard
methods. Insert DNA was released by EcoRl
digestion and the inserts were cloned into
M13mpl18 and pUCI8. Overlapping clones
spanning the insert were generated in pUCIS8
and M13 using exonuclease 111 digestion [22].
Single and double stranded templates were
sequenced using the dideoxy method {23} and
Sequenase (U.S. Biochemical Corp., Cleve-
land, OH). Sequence analysis was carried out
using Genepro 4.2 and DNASIS software.

Results

A Jgtll DNase 1 genomic library was
screened with the 1.5-kb fragment of the
SSP2 gene contained in AgMSY4. Five posi-
tive clones were obtained. One, APySSP2.10,
contained a 4.7-kb insert which included
within it the complete sequence of the
/gMSY4 sequence. The 4.7-kb insert was
subcloned into pUC18 and M13mp18. Nested

deletions were prepared using exonucleaselll
[22] and the complete sequence determined by
the Sanger dideoxy method (23]

Fig. 1 shows the sequence of the 4.7-kb
insert of /ZPySSP2.10. A single long open
reading frame is present and includes the
previously described sequence of ZgMSY4
{(18]. The AT content of the coding and
noncoding regions, 63.2% and 80.7% respec-
tively, are similar to those found in other
Plasmodium genes [24). The sequence encodes a
polypeptide containing 826 amino acids with a
calculated molecular weight of 91 300. Several
possibilities may account for the discrepancy
between this calculated molecular weight and
the observed molecular weight, 140000 (5,18).
First, the gene might contain additional exons.
However, no additional long open reading
frames were found either 700 bp §' to the
initiation codon or 1500 bp 3’ to the first in
frame stop codon. No Plasmodium consensus
intron boundary sequences [24] were found in
the fanking regions. A large intron could
extend beyond the region we have sequenced.
but previously described Plasmodium introns
have been less than 600 bp long. Second, SSP2
may be a glycoprotein. and indeed. there are
several consensus N-glycosylation sites in the
sequence (Fig. 1). Finally, the protein may
migrate anomalously in, SDS-PAGE gels,
perhaps as a resuilt of its very high proline
content.

The deduced amino acid sequence of SSP2 is
shown in Fig. 1 and a map of the sequence in
Fig. 2. Like a number of other Plasmodium
surface antigens [24], the deduced amino acid
sequence contains tandem repeats of simple
amino acid repeats and is particularly rich in
proline (18.0%) and asparagine (21.2%). The
general structure of SSP2 is similar to that of
the CSP (Fig. 2). There is a central region of
short, repeated peptide sequences flanked on
both sides by non-repetitive sequence. Hydro-
phobicity analysis [25] identified a putative N-
terminal hydrophobic leader [26] as well as
putative transmembrane and cytoplasmic do-
mains [27] near the carboxy terminus (Figs. 1
and 2). It is interesting, however, that while
SSP2 has both a transmembrane domain and a




CATTAAMACCAT T TAAAAAACTAAATTTTATAAATITTCTT TAATTITCTTTATATATATAATATATATATACATTTATATATACTCITCTTCTI TT TTATCGATTAAMAAAATATATAAT
ATCCATIATATTIATITITIAACAATTAAAAATATATAAAATGTACCCCTTGTGCT TOAAGTCAACATTTITTATATT TAACTGTITGTATCTTTITTTACATATATTIGTTCACATICTTT
GGCATCATAT TAAATAATATAATI TTCGAAGACAAATAT TTTTAAMTACTITTITTAGTCCTTGCATTATTTI TATCATATATATTAACATTCATAAAMTATATATTIGTTGACTCTTCL
TIGCCAGT TIAT THLAAT TAGCTATATTTTTAAATAC TARATATATT TTTTTAAATTGG TTATCATCATATTCTAATCCGTATTATATTIGCCTATCTGCTATATATATAACCCAAAAAAAGG
AAACATI TAATTICCTCAGALCE TATTGAAT TAAA TTAAC TATATATCAGTTT TATATAACAMAGG TAAZACACTCTCTCTC TATATATATATAATTCCAAACG TG TAGACATTTTTA
TATATCGCCAAMTIAGTAA TACAAMATAATTCCTCACTTTTATTC TCTTACATATATTATAATACATACATACACACATAAT TTTACCCATTCCCCATTTICTCTTATACACAGAAATATG
]

- -hRydrophoblc lesder Vequence---=-----=---=---= }
AAGCTCTIACCAAMATACTAAMATATATTTTITGTTGTGCTTTTATTATGCATAAGCGTGTTCCTTAATCOTCACCAAAL TCTTCACCAAATAMMGCTATAGT GAACAAGCTATSTACCLAMIAA

K L L G N $ XK Y I F V V L L L € 1 8 VvV F L ¥ ¢ Q¢ T L D E 1 K Y $ £ ¢t VvV CTE Q

ATCGACATTCATATATTACTAGATGGT TCAGCAACTATTICGT TATAGCAAT IGCAAGGCTCATGT TATTCCAATGCTTAATACT T TGGTTCATAAC T TAAMTATTTCAAATCATCAAATT
1 D 1 H I L L D G 8 ¢ 8 1 6 Y S X W K A KV I P M L N T L VDNL N1 s ¥ DT !

AATGTATCTTTGACACTTTTTTCAACAATTCACGTGAATTAAT TAAAC TTAAAGGATATGGATCGAC TACTAMGACTCGC TACGTTTTATAC TTGCACATCTCCAAAATAATTATTCA
3 V $ L T LF $ T NS RZZ LTI K LXK GY GG S TS KD S L RPF I L AKLGQNINTYS

CCAMTCGTAATACAMTTTAACCGAGTGCATTIATTGGTTGT TCATACT TTAATTAATCAAAGAATGTATCGACCCGATGCAATACAATTAGC TATTATATTAACAGATGGTATCCCAAAT
P N G N T N L T $ ALLVY VYV DTLI NMERMNXYHRT®?PDATILlI QLATI 11 LTDGT1!!PHN

GATTTACCTAGATCTAC TGCGGTTGTGCATCAAT TAAAAACAAAACATGTAATGTAGCAATTATAGCTGTTCCTGCAGG TG TTAATAACCAATATAATAGAATTTTAGTTGGATGTGAT
p L PR S T AV V HQLTZEKZBRIEKMHKVY NV AILI 11T GV GAGV N N ZT Y NR 1T LV G COD

AGATACGCACCATGLCCATALTACTCTTCTGGTAGT TCCAATGAAGCC CAAMATATCGATAAMCCTTTTC TTACTAAAGT TTCT CAGGAAGTACAMGCAATTGC TCATTGT GCAAATGG
R Y AP C P Y Y 38 8 G S W N £ A Q N M ! K P F LT KV CQU®E V EZ R I AHCGIKWMN
{--thrombospondin motif-~-)
GAAGAATCGAGTCAATGTTCTACTACTTGTGATGAAGGAAGAAAAATTAGAACAAGACAAATATTACATCCTCGATG TGT TAGTCAGATGACTACT CCATGTAAGGTTCCTGAT TGCCCA
T £ W $ £ C S T T CD&EZ G R K I RRROQTILMNTP GG CV $ EZ K TTUPCKVRDCT
{~v-meecercccoa J-mer repeatg-----v---c-cmc--ao -
CAAATACCAATACCTCCTCTCATCCCTAATAAMATTCCAGAAAAGC CATCAAACCCAGAAGAACCAGTAAATCCAAMCCATC CAAACGATCCAAAC AACCCAAACAACCCAAMTAACCCA
Q I P I P P VI P N K1 P E K P S X 2 L E P V NP N D P NDP N NP N NP ¥ ¥

AAC AAC CCAAACAAC CCAAATAAC CCAAACAAC CCAAAC AAC CCAAAC AAC CCAAACAAC CCAAACAATCCAAATAACCCAAATAAC CCAAACAAC CCAATAACCCAAATAACCCAAAL
N MW P N N P N XN P N N P R N P N N P N N P N NP N NP N NP W N P N NPT N NPN
AAMCCCAM TAACC CAAACAACC CAAATAAC CCAAATAAC CCAAATAAL CCAATAACT CAAC GATCCATCAAAC CCAAACAAC CAC CCAAMAA GG C GAAACCCAAAAAGGCGAAACCCA
M P N N P N N P K N P N N P N N P N N P N D P S N P N N H P X R R N P KR R NP
--------------------------------- $5-6-mer repeats -
AAL AAGCCAAAAC CAAAC AAGE CAAAL CCAAA CAAGC CAMC CCAAAC GAACCATCAAAC CCAAMCAAGCCAAACCCAMACGAAC CATCAAACC CAAAC AAGCCAAAC CCAMACCAACCA
¥ K P K f N K P ¥ P N K P N P N E P S N P N K P N P N E P S ¥ P % K P NP N TP
TCAAAC CCAAACAASCCAAACC CAAATGAGCCATCAAAL CCAAMCAAGC CAAAC CCAATGAGCCATTAAAC CCAAMACGAGC CATCAAATCCAAAC GAGCCATCAAACCCAAATGC GCCA
$ N P N K P N P B E P S N P N K P N P N E£ P L X P N £ P S N P N L P S N P N AP

TCAAACCCAAACGAACCATCAAAC CCAAAT GAACCATCAAAC CCAAATGACCCA TCAAAC CCAAAC GAAC CATCAAACCCAAATGAACCATCAAAC CCAAAAAAGC CATCAAACCCAAAT
S MW P N Z P S N P N E P S N P N E P S$ N P N E P S NP NEL P 3 N P K KPS NP N

GAGCCCATCAMECCAAATGAGE CATTAAAC CCAAATGAGCCATC AAACC CAAC GAAL CATCAAAC CCAAMC GAACCATCAAAL C CAGAAGAACCATCAMCCC TAAAGAGCCATCAAAL
L P S N P N L P L N P N E P S NP KT P S R P N ET Ft S N P ECLEL P S X P KZELIZP SN

C CAAACGAAC CATCAAAC CCAGHAGAGCCAAMCC CAGAAGAACCATCAAACCC TAAAGAGCCATCAMCC CAGAAGAGCCAA TAMAL CCAGAAGAAC TAAMC CCAAMGAGCTATCAAAL
P N E P S N P T EZ P N P L L P S N P KT P S ¥ P E L ? ! N P LT E L NP KETP?P SN
[ R e L L 11-mer repeatg--~=---===-r-=co--- amesmmea -=]

CCAGAAGAATCCAAC CCCAAACAGC CAATAAACC CACAAGAA TC GAAC CCCAAACAGC CAATAMCCCACAAGAT AATCAAAATCCATTGATAATACAAGATGAACCTATACAACC CAGA
P E 2 S N P X T P 1 N P T EZ S MW P KT P ! ¥w? Lt D ¥ E NP L1 1 Q DZEUZPT1ETZPR

AATGATTCAAATGTAATACCAATT I TACC TATCATCC CACAAMGGCT AATAMTATCCCAAGCAATCTACCACAAAATCCATCTCAC TCAGAAG TAGAATATCCAAGAC CAA TGATAAT
¥ DS % VvV 1 » 1 L ? 1 I P QK G N ¥ I P S ¥ L PE NP S D S EV LEY P R P NDN

CCTCAAMATTCAAATAATAL TATGAATCAAAAMAAATATACCCAACCAGCC TATACCATCACCAGC TCATAACCCATATAMGGT CACGAAGAAAGAATACCAAAACCTCATCCATCA
G E N S N N T HM K S K K M 1 P NE P I P S$ P CD N P Y K G N E 2 R 1 P X P H RS

AATCATGACTATGTATATGATAATAATCTAATAAAATAATAAAGAT CAACCAGAAATTCCAAA TAATGAG TATGAAGAGGAT AAAAATAAMAC CACTCTAAATCTAATAATGCATAT
¥ D D Y V Y DN N V N K N N KD EPE I P N ¥ Y EL DK NIKDMNOS K S ¥ K8 G Y

{-=------- B e transmembrane domaip------~=
AMATTCC TGCTGCTATTATTCGACGATTAGCTATAC TTGCATGTGCAGGTCTTCGCTTATAATTT TATAGCAGGAAGTAGCGCTGCAGLATTGGCTGGAGCAGAGCCTGCACCTTITGAA
XK I A G 61 1 ¢ 6L A I L G CAGV G Y N T 1 AG S S A AGLAGA AMTET?rAT?PTI Ir:®:E

CATGTAATTCCACATGATGACAAAGATATTGT TGAAAAC GAACAGT TTAAATTACC TCAAGATAATGACTCGAAC TAATTTTAATAAACGTATATATCCAC TTTATTATTL TTATATTAL
©o v ! P DDDEKD I VESNZEZQTr KLPEDUNTDWDNX"*

ATACAATCTGATATATCTTTCICTTTTTT T TCCTTT TAAMATATTATCTATGATTATATATATAATATACCTTTAAATAATAMTITCATAMT TCGC TTCTCTY TAMATTGTTTGTCTTT
CTTTACACTTIATICCTITITICCTIGTI TTTIGTTCCTTITT TT TTGTATGAT TAAGT TATT T TAAATTAACAGTTTGATAM T TGTCATCTTTTTATGTTATTCATTCAATTATATATCCA
TTTATT TTCATATTTTIITT I TAACCAT T I T T TT TAACTAT TTI TT TT TAACTAAT TG TCTCG TTATAATATATATATTTATTTATACTCCAATATTTAATCGT TACAATTATTCT TAAT
ATAAAAAAAAAAAAAAAAAAMAAAAACTTAAMGT TAATAACAT TTTTAGGTTICTATAT T TACACGG TATT TACTATT TTCAAMATAATTATGAATAAMACAAAMAG TGATAATACAT
AATAAAATGAAT TCC TAMMAAMATAGACAAATCCACCAATAT TATCGATAAAAMAGAAATAAACAAM TG TCATTATT TTAAAMT TTACAMACATAAMAATAATGGTCTTAAGTT TTAT
CAACTAAAAMAGTGCTGATAAMAAAMAT GATCCAATGT TAAAAAAGAGAATATC TAAAGTTGCC TCATCGATTT TTTCAACTAT TATCATCC TTATTATACATATCTCAAMATT TTTAATTIT
TCATATAAMAC TTTICGAAMATTCATAATT TTGTATT T TCATATCTC TG T TATTATC TTTCGAT TCATT TATTATATTATT TG TG TAAMMAATTAAGATCGATATAT TTTTAGCATATI TGAC
AMTTCTCAATTCGTTGTATTCTGC TT TT TCAAMATATGAGCAT TTTTITTAATATTATTATTCTCTTTCATT TTACAAAAAAMATAAGAATCGATTTTTT TTTT TTAMTCATTAAAA
TTAAT TTTAT TTTTAAGAGAAGCAATATCATTTTCCAATTTATTTTCATTY TCTTCATTAT TTGTAGT TGCATCTCTCCATTTT TTGTT TCGAGCATATAAATTTATTAAT TCTTTAT TG
CTTAATTCTITATTTTCTAAATTTATTAAT TTTGAGTATIGTATATATATTTCATCCATT TTTGTCTTGT TCATATTATTAGGAAAGCAAATAM TATTC TTATT TG TATCAATACATTTA
TTTTTATTTTTCCTT TTATAAMAAATC GAATAMAT TCTAATAACGCCATTACCTCTACCTTTTCATAAT TTGAAGTATCATATAATGTGAATAAATTTATAATGT TCCCTTCTAGTTCS
TTTATTTTACATATTTCTTTTCCATATTGTATAT TACCAATCATGT TTTCGTTICT TCTTTATTTATCTTATATCCCATT TTACTTATAGCTCC TG T TTCCTCCATTTTCTGE
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Fig. 1. Sequence of the 4.7-kb insert of APySSP2.10. The inferred amino acid sequence of SSP2 is shown below the open
reading frame. The location of the conserved thrombospondin motif, of the repeated peptide motifs, and of the putative

hydrophobic leader and transmembrane domain is indicated. Potential N-glycosylation sites are underlined.

cytoplasmic domain, the CSP has only a The arrangement of short amino acid repeats
membrane anchor, suggesting that these 2 in SSP2 is complex. There is first a region of 23

proteins interact differently with the mem- perfect repeats of the tripeptide PNN, followed
brane. by 3 degenerate copies, PND PSN PNN. There
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A. Signal REFEAT REGION Transmembrane
scquence (PNN) (PNKPNTNEPSN) doman
Regon B Cytoplasmc
Sumilanty doman
REPEAT REGION
Sgnal  pRIR (QGPGAP) (QQPF)
B. e TR Rpeas (QURGAR) Anchaor
Region | Region 1

Fig. 2. Structure of SSP2 and CSP. Shown are schematic diagrams of the sequence of SSP2 (A) and the P. yoelii CSP (B) [33).
The diagrams are drawn approximately to scale.

is then a short segment of non-repetitive alternating with 4 copies of PNEPSN, and 18
sequence, followed by 3 tandem copies of the tandem degenerate copies of PNEPSN. These
pentamer PNKP(K/N), 4 copies of PNKPN tandem repeats are followed by a short region

A.

SS5P2 MKLLGNSKYIFVVLLLCISVFL- NGQE----TLDEIKYSEEVCTEQ!DIHILLDGSGSIG 55
TRAP :NHLGNWYLVIWLIFFDLFLWGRDVQNNI\.Il;;;l:(‘:!;é}::\:léNl‘)é\'I!.)l.‘YLu‘lDCSGs IR 60
SSP2 YSNWKARVIPMLNTLVDNLNISNDEINVSLTLFSTNSRELIKLKGYGSTSKDSLRFILAM 118
TRAP R.HNWNHAVPLAHKLXQQLNLNDNA’IHLYVNVFSNNM‘(I::; iéI:HSDASKNKEKALIIIRS 120
Ssp2 LQNNYSPNGNTNLTSALLWDTLINERMYRPDAIQLAIILTDGIPNDLPRSTAWHQLKR 178
TRAP LLSTNLPYGRTNLTDALLQVRKHLNDRINREN;NQLV\'I;l:.‘i‘l;éi!;DSIQDSLKESRKLSD 180
SSP2 KHVNVAIIGVGAGVNNEYNRILVGCDRY-APCPYYSSGSWNEAQNMIKPFLTKVCQEVER 234
TRAP RGVKIAVFGIGQGxNVAFNRFL\'!<'3<;HPSDGKCNLYADSAHENVKNVIGPFMKAVCVEVEK 240
s$Sp2 IAHCGKWEEHﬁ:QS_II_CDEGRKlRRRQI LHPGCVSEHTTPCKVRDCP 281
TRAP TASCGV&BI&MKGTRSRKR}: 1 LHEGCTSE IQEQCEEERCP 287
B.

$SP2 SNNGYKIAGGIIGGLAILGCAGVGYNFIAGSSAAGLAGAEPAPFEDVIPDDDKDIVENEQ 816
TRAP  SDNKYRIAGOIAGOLALLACAGLAYKEVVPGAATPYAG-EPAPFOLTIGEEDKDIDEPEY 550
SSP2 FKLPEDNDWN 826
TRAP  FRLPEENENN 560

Fig. 3. Alignment of the N-terminal (A) and C-terminal (B) regions of P. yoelii SSP2 and P. falciparum TRAP. *." indicales
identical amino acids, '." indicates conservative substitutions. The thrombospondin repeat motif is underlined.




in which short repeat motifs, PEE and PSN,
are interspersed with non-repetitive sequence.
Finally, there is a tandem duplication of the
11-mer. PEESNPKEPIN. All of the repeat
sequences in SSP2 are clearly distinct from the
repeats in the P. yoelii CSP, QGPGAP and
QQPP. The only common feature which the
SSP2 repeats share with the CSP repeats is the
general structure PXXPXX, which might be
expected to impart to the repeat domains of
both proteins a structure rich in f-bends [28).

SSP2 shares sequence motifs with several
plasmodial proteins and molecules involved in
cell adhesion. Thrombospondin, the CSP
region 11, properdin, the terminal complement
components and the thrombospondin related
anonymous protein share similarities based
around the nonapeptide, WSPCSVTCG
[29,30}. This sequence is found in 3 copies in
thrombospondin, 6 copies in properdin and
one copy in all CS proteins sequenced to date.
A similar sequence, underlined in Fig. 1, is also
found in SSP2. In SSP2 this thrombospondin
motif is found amino terminal to the central
repeat region, while the analogous sequence in
the CSP is found in Region 1, carboxy
terminal to the repeats.

The N-terminal and C-terminal regions of
SSP2 bear a remarkable similarity to TRAP
which extends well beyond the similarity to the
thrombospondin motif. Fig. 3A shows an
alignment of the N-terminal regions of SSP2
and TRAP. Over a region of 281 amino acids,
there is 43% similarity at the amino acid level.
Ten of 1] cysteine residues are conserved, the
only exception being a single cysteine in the
putative hydrophobic leader of SSP2. Fig. 3B
show the alignment of the C-terminal regions
of the 2 proteins. Over a region of 71 amino
acids, there is 56% identity at the amino acid
level. SSP2 and TRAP may be members of a
protein family involved in interaction between
the sporozoite and erythrocytic stages of
Plasmodium and the cells of the host.

Discussion

SSP2 is a new, non-CSP, 140-kDa sporo-
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zoite surface antigen from P. yoclii [18). We
have recently observed that immunization of
mice with a combination of P8ISS mouse
mastocytoma  transfectants  expressing the
CSP and the originai 1.5-kb fragment of
SSP2 [18] are protected against challenge with
infective P. yoelii sporozoites [19]. SSP2 and its
presumed homologs in the human Plasmodium
species are therefore important vaccine candi-
dates. We have here reported the complete
sequence of the P. yoelii SSP2 gene.

The deduced amino acid sequence of SSP2
shares a number of characteristics with other
Plasmodium surface antigens in general and
with the CS protein in particular. First, it is
characterized by a central repeat region
consisting of tandem repeats of several differ-
ent short peptide sequences. As in the case of
the CSP repeats from many Plasmodium
species, the amiro acids used in the SSP2
repeats are chosen from a restricted set of
amino acids (P,N,E.Q,G,D,A,R,V for CSP
repeats and P.N,EK,S,I for the SSP2 re-
peats). As in the P. yoelii CSP, there are
several different repeat units in the repeat
region, however, the organization of the
repeats in SSP2 is somewhat more complex
than that in the CSP. There are 2 major repeat
regions, one consisting of tandem repeats of
the tripeptide PNN, the second consisting of 2
basic repeat units, PNKPN and PNEPSN. The
units are intercalated in the general structure
AAAABABABABBBB, where A = PNKPN
and B = PNEPSN. 'This organization could
have arisen from an ancestral 11-mer repeat
unit AB = PNKPNPNEPSN by duplication
of the component 5- and 6-mers at the amino
and carboxy terminal ends of an ancestral 11-
mer repeat region. One would expect that over
the course of evolutionary time the central,
alternating AB repeats could be eliminated by
homologous recombination, resulting in a
simpler AAAAABBBBBB  organization,
which is in fact observed in a number of CSP
repeat regions [31-33]. The SSP2 repeat region
may, therefore, represent an intermediate step
in a general mechanism in Plasmodium antigen
genes by which an ancestral tandem duplica-
tion of a relatively long sequence evolves into a
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repeat region characterized by tandem repeats
of 2 or more different short peptide sequences.
Sporovoites which have been inoculated into
the mammalian host progress rapidly from the
circulation to infect hepatocytes. It is likely
that rupid homing to the liver requires specific
cell-cell interaction between the sporozoite and
hepatocytes, Kupffer cells, or endothelial cells
in the hepatic circulation. It is thus interesting
to find that SSP2 shares a sequence with the
cell adhesion molecules, thrombospondin,
properdin, and the terminal complement
components, as well as with the CSP Region
11 and another Plasmodium antigen, throm-
bospondin  related anonymous  protein
(TRAP). These thrombospondin motifs are
centecred on the nonapeptide WSPCSVTCG,
and are found in 3 copies in thrombospondin,
6 copies in properdin, and one copy in all CS
proteins scquenced to date [29,30]. SSP2 may
also have a role in cell-cell interactions between
the sporozoite and the mammalian host.
SSP2 bears a striking similarity to TRAP
which extends considerably beyond the throm-
bospondin repeat motif. The first 281 amino
acids of SSP2 and TRAP have a 43%
similarity at the amino acid level. Ten of 11
cysteines in the amino terminal sequence of
SSP2 are identically conserved in TRAP, the
only exception being a single cystcine in the
putative hydrophobic leader of SSP2. A region
of 56% identity extending over 71 amino acids
is found at the carboxy terminus. The
similarity in overall structure, as well as the
striking amino acid sequence similarities at the
amino and carboxy termini strongly suggest
that TRAP is the P. falciparum analogue of
SSP2. It is interesting that has a large repeat
region, while TRAP, an apparently closely
related protein, has none. If SSP2 and TRAP
are indecd analogous proteins with the same
function, the absence of repeats in TRAP may
call into question the functional importance of
repeats in Plasmodium antigens generally.
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